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© A method of manufacturing a semiconductor de- 
vice comprising the steps of forming selectively an 
insulating layer (34) on a first conductive layer (33) 
deposited on a semiconductor substrate (31), treat- 
ing the surface of the insulating layer (34) and the 
exposed surface of the first conductive layer (33) by 
a gas plasma containing halogen atoms, and depos- 
iting selectively a conductive material by vapor 
growth on the exposed surface of the first conduc- 
tive layer (33) so as to form a second conductive 
layer (36). The gas plasma containing halogen atoms 
can be formed by introducing a gas containing halo- 
gen atoms into the treatment chamber housing the 
sample, and applying high frequency power. The 
gas plasma containing halogen atoms can be formed 
by introducing a gas containing halogen atoms into 
the treatment chamber to adsorb the halogen atoms 
on the inner wail of the chamber, and applying high 
frequency power. Alternatively, the gas plasma can 
be formed by applying high frequency power after 
placing the sample and a halogen containing ma- 



terial inside the chamber. By treatment with the gas 
plasma containing halogen atoms, a second conduc- 
tive layer (36) can be deposited with good selectiv- 
ity. 
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Method of manufacturing semiconductor device 



This invention concerns a method of manufac- 
turing a semiconductor device, and in particular 
concerns the improvement of selective vapor 
growth. 

In recent years, large-scaled integrated circuits 
(LSI) have come to be widely used in major parts 
of computers and communications equipment. 
These LSI consist of a large number of active 
elements and passive elements assembled in an 
integrated fashion on a rectangular substrate of 
side several mm in length such that they form the 
components of an electric circuit. Further, the trend 
is towards increasingly high levels of integration, 
and intensive research is being carried out to make 
the elements of such devices even smaller and 
increase the density of components in an attempt 
to manufacture super LSI. 

In the case of LSI interconnections, for exam- 
pie, design specifications call for smaller size and 
so the wiring or the interconnection layer is of 
smaiier width; at the same time, the number of 
active elements is increasing, so the wiring pattern 
must be finer, longer and more complex. If how- 
ever aluminum, which is a wiring material, is led 
directly through contact holes as in ordinary wiring, 
several problems arise. 

Firstly, more defects occur in the openings of 
such wiring, and electromig ration effects due to 
electric stress are more evident. 

Secondly, diffusion regions such as, for exam- 
pie, the source and drain of MOSLSI are tending to 
become shallower, but if aluminum is brought into 
contact with such a shallow diffusion region and 
subjected to heat treatment, mutual diffusion of 
aluminum and silicon often occurs, and the At 
atoms pass through the diffusion region in what is 
known as a "pit" phenomenon. 

Thirdly, the aspect ratio (contact hole 
depth/contact hole width) of contact holes used to 
connect the wiring to the diffusion region is in- 
creasing, and this leads to more breaks in the 
wiring in the holes and increased wiring resistance. 

Moreover, the second and third problems 
above are not limited to contacts between the 
diffusion region and the wiring, but also occur 
between wiring layers in multi-layer interconnec- 
tions. 

A reliable wiring was therefore required which 
was not so much affected by these problems. 

To solve these problems, methods have been 
proposed whereby a high melting metal layer such 
as tungsten (W) is deposited by a selective CVD 
process on At wiring, or a high melting metal such 
as tungsten (W) or aluminum is filled by a selective 
CVD process in contact holes or via holes. In these 



selective CVD processes, it is possible to grow a 
metal layer only within a specified region by suit- 
ably choosing the conditions. In the selective CVD 
of a W film, for example, a gas mixture of a halide 
5 such as tungsten hexafluoride (WF 6 ) and a silane is 
used as a reactive gas to deposit a W film selec- 
tively on the surface of Si, Al or a high melting 
metal, the W film not being deposited on the sur- 
face of an insulating film such as silicon dioxide. 
10 Fig. 1 shows the situation where a high melting 

metal such as tungsten (W) has been filled in a via 
hole. In Fig. 1, a first interconnection layer 3 of 
aluminum is formed on an insulating film 2 depos- 
ited on a semiconductor substrate 1. This first 
75 interconnection layer 3 extends perpendicularly to 
the plane of the paper. Reference numeral 4 in- 
dicates an inter-layer insulating layer, and W layer 
5 is deposited by selective CVD in a via hole 
formed in layer 4. Reference numeral 6 indicates a 
20 second interconnection layer connected to W layer 
5. In this structure, there is no step on the upper 
edge of the via hole, and disconnection of the 
second interconnection layer in this part is thereby 
completely prevented. 
25 There are however several problems inherent 
in this wiring arrangement. As shown in Fig. 2, for 
example, if a via hole is formed in inter-layer in- 
sulating layer 4 so as to expose first interconnec- 
tion layer 3, an insulating material 7 consisting of 
30 natural oxide, or good insulators such as fluoride, 
carbide, oxide or mixtures of these substances 
which may be formed for some reason when the 
via hole is formed, adheres to the exposed ( surface. 
It is highly possible that these insuring materials 
35 are generated from a resist material or etching gas 
at the time of patterning. If therefore W is depos- 
ited by selective CVD on first interconnection layer 
3, it is deposited unevenly wherever such insulating 
material 7 is thin as shown by deposited material 8, 
40 and a perfect layer is not obtained. This is also 
known to be the reason why the contact resistance 
between first interconnection layer 3 and second 
interconnection layer has a fairly high value. More- 
over, this insulating materia! 7 has a, low vapor 
45 pressure and is extremely stable chemically, so it 
is very difficult to remove chemically. 

To remove insulating material 7, a pre-treat- 
ment with dilute fluoric acid is generally carried 
out, but in the case of the minute via holes and 
so contact holes found in modern high-density in- 
tegrated circuits, this method does not give a suffi- 
ciently low contact resistance. Further, even if this 
pre-treatment is carried out with dilute fluoric acid, 
the substrate is exposed to the air until it is in- 
serted in the film deposition apparatus, and a natu- 
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ral oxide film again forms on the exposed surface 
of first interconnection layer 3. 

A physical type of treatment by sputtering with 
a plasma of an inert gas such as argon, might also 
be envisaged. With this form of treatment, however, s 
the surface of inter-layer insulating layer 4 is ac- 
tivated, and the selectivity of W in the selective 
CVD process is impaired. More specifically, as 
shown in Fig. 3, W is deposited not only on the 
surface of first interconnection layer 3 but also on 10 
the surface of inter-layer insulating layer 4, and a 
W layer 9 is formed. That is, it is difficult to deposit 
selectively tungsten only in the via hole. The ac- 
tivation of the surface of insulating layer 4 is 
thought to be due to the fact that sputtering causes 15 
a large number of silicon dangling bonds to project 
from this surface. 

This problem is not limited to selective CVD of 
a W layer, and occurs also in the case of selective 
CVD of a polycrystalline layer using SihU as the 20 
raw gas, and the selective CVD of an aluminum 
layer using trimethyl aluminum (A*(CH 3 )3) as the 
raw gas. 

It is an object of this invention is to provide a 
method of manufacturing a semiconductor device 25 
wherein a uniform interconnection layer of low con- 
tact resistance can be formed. 

According to one embodiment of this invention, 
there is provided a method of manufacturing a 
semiconductor device, comprising the steps of de- 30 
positing selectively an insulating layer on a first 
conductive layer formed on a semiconductor sub- 
strate, treating the surface of the insulating layer 
and the exposed surface of the first conductive 
layer with a gas plasma containing halogen atoms, 35 
and depositing selectively a conductive material by 
vapor growth on the exposed surface of the first 
conductive layer so as to form a second conductive 
layer. 

According to another embodiment of this inven- 40 
tion, there is provided a method of manufacturing a 
semiconductor device, comprising the steps of de- 
positing selectively an insulating layer on a first 
conductive layer formed on a semiconductor sub- 
strate, treating the surface of the insulating layer 45 
and the exposed surface of the first conductive 
layer with a gas plasma containing halogen atoms, 
and depositing selectively a conductive material by 
vapor growth on the exposed surface of the first 
conductive layer so as to form a second conductive so 
layer, said gas plasma containing halogen atoms 
being generated by installing a halogen source in 
the treatment chamber and causing a discharge in 
the chamber. 

According to a further embodiment of this in- 55 
vention, there is provide a method of manufacturing 
a semiconductor device, comprising the steps of 
depositing selectively an insulating layer on a first 



conductive layer formed on a semiconductor sub- 
strate, treating the surface of the insulating layer 
and the exposed surface of the first conductive 
layer with a gas plasma containing halogen atoms, 
treating the treated surface with a 'gas plasma 
containing hydrogen atoms, and depositing selec- 
tively a conductive material by vapor growth on the 
exposed surface of the first conductive layer so as 
to form a second conductive layer. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a sectional view showing a situation 
where a high melting metal such as tungsten (W) 
has been filled in a via hole; 

Fig. 2 is a sectional view showing a situation 
where an insulating material consisting of natural 
oxide, of good insulators such as fluoride, carbide 
or oxide or of mixtures of these substances, has 
adhered to the exposed surface of the first inter- 
connection layer; 

Fig. 3 is a sectional view showing a situation 
where W grows to form a W layer not only on the 
exposed surface of the first interconnection layer, 
but also on the surface of the inter-layer insulating 
layer; 

Fig. 4 is a sectional view showing a film 
deposition apparatus for carrying out the method of 
one embodiment, of this invention; 

Figs. 5A-5F are sectional views showing the 
film deposition method of one embodiment of this 
invention; 

Fig. 6 is a sketch of an SEM photograph of 
the structure obtained by the film deposition meth- 
od of one embodiment of this invention; 

Fig. 7 is a sketch of an SEM photograph of 
the structure obtained by a film deposition method 
in the prior art; 

Figs. 8A-8F are sectional views showing the 
film deposition method of another embodiment of 
this invention; 

Fig. 9A is a sectional view showing the film 
deposition apparatus for carrying out the method of 
a further embodiment of this invention; 

Fig. 9B is a sectional view cut along line A-A 
of Fig. 9A; and 

Figs. 10A-10C are sectional view showing 
the film deposition method of another embodiment 
of this invention. ^ 

In the method of this invention, when a second 
conductive layer is selectively deposited by vapor 
growth on the exposed surface of the first conduc- 
tive layer which is partially covered by an insulating 
layer, the entire surface, that is the surface of the 
insulating layer and the exposed surface of the first 
conductive layer, is pretreated by a gas plasma 
containing halogen atoms prior to vapor growth. 



3 



EP 0 370 775 A2 



Fig. 4 is a sectional view showing a typical film 
deposition apparatus for carrying out the method of 
this invention. 

The film deposition apparatus in Hg. 4 consists 
of a pretreatment chamber 1 1 , a reaction chamber s 
21, and a gate valve 15 connecting these cham- 
bers 11 and 21 such that the substrate 12 can be 
. transported between them. Gate valve 15 may have 
any desired structure provided that it functions 
such that chambers 1 1 and 21 can be isolated from w 
one another when the substrate is treated in either 
one of them, and such that air does not come into 
contact with the substrate when the substrate is 
transported from pretreatment chamber 1 1 to reac- 
tion chamber 21. 75 

First electrode 13 in pretreatment chamber 11 
serves also as a susceptor upon which substrate 
12 is mounted, and high frequency power is ap- 
plied to first electrode 13 from an external high 
frequency source 14. Second electrode 23 in reac- so 
tion chamber 21 serves also as a susceptor upon 
which substrate 22 is mounted, and high frequency 
power is applied to second electrode 23 from an 
external high frequency source 24. 

A quartz window 25 is provided in reaction 25 
chamber 21, and an infrared ray lamp 26 is in- 
stalled outside reaction chamber 21 facing this 
window so as to heat substrate 22. 

The metal containers which constitute pretreat- 
ment chamber 11 and reaction chamber 21 are 30 
both grounded. Further, although not shown in Fig. 
4, a gas inlet pipe and gas outlet pipe are provided 
in both pretreatment chamber 1 1 and reaction 
chamber 21 to introduce specified gases. 

When the method of this invention is carried 35 
out using the apparatus described above, substrate 
12, provided with a first conductive layer partially 
covered with an insulating layer, is initially mounted 
on first electrode 13 in pretreatment chamber 11. 
At this time, gate valve 15 is closed. 40 

The material constituting the first conductive 
layer may be aluminum, molybdenum, copper, 
tungsten, titanium, molybdenum silicide, tungsten, 
silicide, titanium silicide or titanium nitride. It may 
also be a conductive Group IV semiconductor dop- 
ed with high concentration of impurity, such as 
silicon or germanium, or a Group lll-V compound 
semiconductor such as GaAs or InP. 

The material constituting the insulating layerL, 
may be silicon dioxide or silicon nitride, or either of \ 
these materials doped with impurities such as P or \ 
B. _zr* 

The material constituting the substrate is not 
limited to semiconductors such as silicon, germa- J 
nium, GaAs and InP, but may also be an insulator 55 

such as glass or sapphire. - 4 

After introducing a gas containing halogen 
atoms into pretreatment chamber 1 1 , high frequen- 
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cy power is applied to first electrode 13 from high! 
frequency source 14 so as to generate a gas \ 
plasma containing halogen atoms. The whole sur- \ 
face of substrate 12, provided with a first conduc- \ 
tive layer partially covered with an insulating layer, J 
is thereby treated by this plasma. — ^ 

The gas containing halogen atoms may be a\ 
mixture of a halogen source gas and inert gas. It is 
preferable that the halogen source gas is Cl 2 gas, 
F 2 gas, chloride gas or fluoride gas. The fluoride 
includes SF S , CHF 3) C 2 F S( C 3 F 8l CF*. NF 3( BF 3 , 
AsF 3( AsF 3l PF 3 or PF S . The chloride gas includes 
AsC£ 3 , AsCls, BCi 3 , CCU, PCl 3 or PCi 5 . 

F 2 gas and fluoride gas are preferable as halo 7 
gen source gases described above, the reason is 
that the fluorine atom has a smaller atomic radius 
and atomic weight than the silicon atom. In com- 
parison to other halogen atoms, therefore, there is 
less ion bombardment on the surface of the silicon 
dioxide or silicon nitride insulating layer, and con- 
sequently the surface of the layer is not easily 
damaged. — ^ 
As i nert ga s, nitrogen or the rare gas such as / 
helium, neo n,, argon or krypton may be used. 

The partial pressure of the halogen source gas 
in the gas containing halogen atoms, is preferably 
be lower than the partial pressure of the inert gas, 
and more preferably 10~ 6 Torr - 10"" 3 Torr. The 
reason why it is preferable that the partial pressure 
of the halogen source gas is no greater than 10~ 3 
Torr is that if its concentration exceeds this level, 
the conductive material of the first conductive layer 
reacts with the halogen source gas to form a metal 
halide, and the resistance between the first conduc- 
tive layer and second conductive layer rises. Fur- 
ther, the reason why the partial pressure should be 
greater than 10" 6 Torr is that below 10~ 6 Torr, the 
quantity of halogen adsorbed by the surface of the 
insulating layer is small. As a result, the surface of 
the insulating layer is activated, and when the 
second conductive layer is deposited, conductive 
material grows also on this surface so that good 
growth selectivity cannot be obtained. 

It is moreover preferable that the pressure in 
pretreatment chamber 11 is 10~ 3 - 1 Torr. 

Gate 15 is then opened, substrate 22 which 
has been pretreated is transferred to and mounted 
on second electrode 23 in reaction chamber 21, 
and gate valve 15 is closed. The specified gas is \ 
then introduced into reaction chamber 21, and \ 
selective CVD is carried out on the exposed first i 
conductive layer so as to form a second conductive / 
layer. 

The material of the second conductive layer 
may be aluminum, molybdenum, copper, tungsten, 
titanium, molybdenum silicide, tungsten silicide, 
titanium silicide, tantalum silicide or titanium nitride. 
It may also be a highly conductive semiconductor 



4 



EP 0 370 775 A2 



such as silicon containing impurities. 

After conductive material has been deposited 
over the whole surface, it is patterned to form a 
third conductive layer connected to the second 
conductive layer. The material of this third conduc- 
tive layer may be aluminum, molybdenum, copper, 
tungsten, titanium, molybdenum silicide, tungsten 
silicide, titanium silicide, tantalum silicide or 
titanium nitride. It may also be a highly conductive 
semiconductor such as silicon containing impuri- 
ties. 

In the above example, halogen source gas and 
inert gas are introduced into the pretreatment 
chamber in order to carry out plasma treatment. A 
gas plasma containing halogen atoms can however 
also be formed by introducing halogen source gas 
into the pretreatment chamber and adsorbing it on 
the inner wall before placing the substrate inside, 
then installing the substrate, and applying high 
frequency power to first electrode 13 from a high 
frequency source 14 so as to desorb halogen 
atoms from the wall. 

Further, instead of introducing halogen source 
gas into the pretreatment chamber and adsorbing it 
on the inner wall, a halogen-containing material 
may be installed in the chamber. In this case, 
halogen atoms are easily knocked out of the 
halogen-containing material by means of a dis- 
charge inside the pretreatment chamber. The 
halogen-containing material may be a fluorine res- 
in. 

In this way, by introducing halogen source gas 
into the pretreatment chamber and adsorbing it on 
the inner walj* or by installing a halogen-containing 
material in the pretreatment chamber, that is by 
introducing a gas or solid material containing halo- 
gen atoms into the pretreatment chamber before 
generating the plasma, a constant number of halo- 
gen atoms can be supplied in the plasma. The 
process can therefore be carried on smoothly, and 
the treatment results are highly reproducible. 

Further, an inert gas plasma treatment may 
also be carried out before pretreatment by the gas 
plasma containing halogen atoms. By treating the 
surface of the sample with an inert gas plasma, 
contaminants on the first conductive layer are re- 
moved, and thereafter, when treatment is carried 
out with the gas plasma containing halogen atoms, 
the surface of the insulating layer which was ren- 
dered active by the inert gas plasma, can be 
rendered inactive. 

^- The impurities on the first conductive layer are 
thereby completely removed, and selective CVD 
can be carried out on the first conductive layer 
^without any loss of selectivity. 

In the pretreatment with a gas plasma contain- 
ing halogen atoms described above, contaminants 
on the exposed surface of the first conductive layer 



are physically ejected, mainly by impact of inert 
gas ions. At the same time, dangling bonds formed 
by ion bombardment on the surface of the insulat- 
ing layer combine with halogen atom ions, or halo- 
5 gen radicals etch the excess silicon so that the 
surface of the insulating layer, which was initially 
rendered active, is then rendered inactive. As this 
activation and deactivation proceed simultaneously, 
it is possible to maintain a balance between the 
w two such that the second conductive layer is de- 
posited with a low contact resistance on the first 
conductive layer, and with a high selectivity. 

If there is a high concentration of halogen 
atoms in the gas, halide might be deposited on 
75 part of the surface of the first conductive layer after 
pretreatment. In such a case, the halide can be 
removed by treating the substrate with a hydrogen 
gas plasma after pretreatment with the gas plasma 
containing halogen atoms. It is preferable that this 
20 treatment with a hydrogen gas plasma is carried 
out in a reaction chamber. 

in this way, by carrying out a hydrogen gas 
plasma treatment inside the reaction chamber, the 
surface of the first conductive layer can be pre- 
ss vented from being oxidized right up to the deposi- 
tion of the second conductive layer. 

We shall now describe this invention in more 
detail with reference to specific examples. 
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Example 1 



Figs. 5A-5F are sectional views showing the 
interconnection layer structure according to one 

35 embodiment of this invention in the sequence in 
which processes are carried out. 

First, an insulating layer such as for example a 
silicon dioxide layer (32) formed by CVD, is depos- 
ited on a silicon substrate (31) with an element 

40 such as a field effect transistor, although not shown 
in the figures. An aluminum layer is then deposited 
on the silicon dioxide layer (32), and the aluminum 
layer is patterned by PEP and reactive ion etching 
so as to form a first interconnection layer (33). This 

45 interconnection layer extends in a direction which 
runs perpendicular to the plane of the paper and in 
towards it (Fig. 5A). 

Next, a silicon dioxide layer (34) of thickness 
1 400 A which acts as an inter-layer insulating layer, 

so is formed by plasma CVD using saline (SihU) and 
oxygen (O2) as source gases. 

A hole (35) is then formed in silicon oxide layer 
(34) in a desired region on first interconnection 
layer (33), and in this way, a sample is prepared 

55 from the silicon substrate. It was established by 
means of a separate experiment that a film of 
contaminants (30), consisting of fluoride, carbide, 
oxide or the mixture thereof with good insulating 
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properties and considered to have been formed 
mainly when hole (35) was patterned, had also 
been deposited on the surface of first interconnec- 
. tion layer (33) (Fig. 5C). 

Next, this sample was installed in the pretreat- s 
ment chamber 1 1 of a thin film deposition appara- 
tus shown in Fig. 4, and its whole surface was 
etched. This etching was carried out by a gas SFs 
diluted with argon (SF6 concentration 1%). The gas 
flow rate was 10 cc/min, pressure was 2 x 10~ 2 w 
Torr, substrate temperature was 20* C, high fre- 
quency power was 200W, substrate bias was - 
500V, and etching time was approx. 1 min. The 
surface of first interconnection layer (33) was there- 
by etched to a depth of 120 A, and the surface of rs 
insulating layer (34) was etched to a depth of 
approx. 300 A. The etching conditions may differ 
from those indicated here if they permit etching to 
be carried out to greater depths. In this way, the 
contaminant film (30) adhering to the interior of the 20 
hoje was removed (Fig. 5D). 

Subsequently, the sample treated as described 
above, was transferred to reaction chamber 21 
without being exposed to the air, and a tungsten 
layer (36) was filled in hole (35) by selective CVD. 25 
The deposition conditions for tungsten layer (36) 
were deposition temperature 300 *C, deposition 
pressure 0.2 Torr, tungsten hexafluoride (WF 5 ) flow 
rate 10 cc/min, saline (Sil-U) flow rate 10 cc/min 
and hydrogen flow rate 500 cc/min. The tungsten 30 
layer growth speed was approx. 2000 A/min (Fig. 
5E). 

By means of th,e above processes, as shown in 
the sketch of the SEM photograph in Fig. 6 f tung- 
sten layer (36) can be filled in holes with very good 35 
selectivity, that is, there was no growth of the 
tungsten layer on insulating layer (34). For com- 
parison purposes, Fig. 7 shows a sketch of an SEM 
photograph of the case where argon gas was used 
alone for sputtering in the above etching process 40 
instead of SF S gas diluted with argon gas. and a 
tungsten layer (36) was then formed in the same 
way. It is seen that in this latter case, the tungsten 
(40) grows both in the hole and on the insulating 
layer (34), and good growth selectivity cannot be 45 
obtained. 

Further, after forming a tungsten layer (36), 
CVD was carried out wjth trimethyl aluminum (Al- 
(CH3)a) as the source gas so as to deposit alu- 
minum, over the whole surface, and a second inter- so 
connection layer of aluminum (37) was formed by 
processing to give a desired wiring pattern (Fig. 
5F). 

Tungsten was used here as the second con- 
ductive layer. A second conductive layer may how- 55 
ever also be formed by filling the hole (35) with a 
layer of monocrystalline silicon using, for example, 
a gas mixture of SiH4Cl 2 (0.75 t/min), HCt (1 



l/min) and H 2 (180 t/min), a pressure of 100 Torr, 
a substrate temperature of 1000*C and a growth 
rate of 300 A/min, and then forming a P or N-type 
silicon layer by implanting ions of the desired con- 
ductivity type. 



Example 2 

We shall now explain another embodiment of 
this invention with reference to Figs. 8A - 8C. 

Firstly, as in the preceding example, an insulat- 
ing layer (32) is deposited on a silicon substrate 
(31), and a first interconnection layer of aluminum 
(33) is formed on the insulating layer. After forma- 
tion, a contaminant film (30) was found to be ad- 
hering to the surface of the first interconnection 
layer (33) (Fig. 8A). 

Next, a sample of this silicon substrate (31) 
was installed in the pretreatment chamber 1 1 of the 
thin film deposition apparatus shown in Fig. 4, and 
the surface of the sample was etched in the cham- 
ber. As in Example 1 , the etching was carried out 
by SF 5 gas diluted with argon (SF S concentration 
1%). The gas flow rate was 10 cc/min, pressure 
was 2 x 10" 2 Torr, substrate . temperature was 
20* C t high frequency power was 200W, substrate 
bias was -500V, and etching time was approx. 1 
min. The surface of first interconnection layer (33) 
was etched to a depth of approx. 120 A and the 
surface of insulating layer (32) to a depth of ap- 
prox. 300 A, thereby removing the surface of con- 
taminant film (30) (Fig. 8B). According to experi- 
mental measurements made by the inventors of 
this invention, said contaminant film becomes 
mixed with aluminum with increasing depth towards 
the bottom. This process removes only the surface 
portion of the contaminant film which has a small 
aluminum content, and it is therefore quite possible 
to carry out selective growth in subsequent pro- 
cessing. 

Subsequently, the sample was transferred to 
reaction chamber 21 without exposing it to the air, 
and a tungsten layer (38) of approx. 1000 A was 
grown by selective CVD on the exposed surface of 
first interconnection layer (33) only. The growth 
conditions were deposition temperature 300° C, de- 
position pressure 0.2 Torr, tungsten hexafluoride 
(WFg) flow rate 10 cc/min, saline (SihU) flow rate 
10 cc/min and hydrogen (H 2 ) flow rate 500 cc/min. 
The growth rate was 500 A/min (Fig. 8C). 

By the above process, a interconnection layer 
structure can be formed wherein the surface of a 
first interconnection layer of aluminum is complete- 
ly covered by a layer of tungsten. 



Example 3 
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Hydrogen fluoride gas was passed into 
pretreatment chamber 1 1 of the thin film deposition 
apparatus shown in Fig. 4 at a rate of 10 cc/min for 
1 min. In this process, most of the hydrogen flu- 
oride gas is adsorbed on the inner wall of chamber 
11. Subsequently, a sample prepared by the same 
method as in Example 1 and shown in Fig. 5C was 
installed in this pretreatment chamber 11, and sput- 
ter etching was carried out over the whole surface 
of the sample. The conditions of the sputter etching 
were argon gas flow rate 10 cc/min, pressure 2 x 
10~ 3 Torr, high frequency power 300W, substrate 
bias -400V and etching time 1 min. By subjecting 
the whole surface of the sample to sputter etching 
under these conditions, the surface of aluminum 
layer 33 was etched by approx. 120 A and the 
surface of silicon dioxide layer 34 by approx. 500 
A. By this pretreatment, fluoride, carbide and oxide 
adhering to the surface of aluminum layer 33 were 
removed. 

Next, as in Example 1, the sample was trans- 
ferred to reaction chamber 21. A W film 36 was 
formed selectively on the exposed aluminum layer 
33, and an aluminum layer 37 connected to this W 
film 36 was also formed. 

In this Example, W film 36 can be filled in 
opening 35 with extremely good selectivity. This is 
due to the fact that fluoride adsorbed on the inner 
wall of pretreatment chamber 11 is stripped off by 
the discharge to form fluorine radicals and ions, 
and these render the surface of silicon dioxide 
layer 34 inactive. Further, the contact resistance 
between aluminum layer 33 and W film 36 can be 
reduced by decreasing the flow rate of hydrogen 
fluoride into pretreatment chamber 11. 



Example 4 

Selective deposition was carried out in the 
same sequence as that of Example 3, except that 
instead of adsorbing hydrogen fluoride gas on the 
inner wall of pretreatment chamber 11, a partition 
50 made of a fluorine resin was installed in the 
chamber surrounding the sample 12 as shown in 
Figs. 9A and 9B. 

In this Example, partition 50 is subjected to 
sputtering by plasma so as to generate fluorine 
radicals and fluorine ions. The same effect is there- 
fore obtained as in Example 3. 



Example 5 

A sample treated as in Example 1 and shown 
in Fig. 5D was transferred from pretreatment cham- 
ber 11 to reaction chamber 21, and the sample 
surface was treated by a Ha gas plasma. The 



treatment conditions were H 2 gas flow rate 2 t/min, 
pressure 1 Torr, substrate temperature 20 *C, ap- 
plied high frequency power 200W, substrate bias 
-10V and treatment time 30 seconds. 

5 Subsequently, as in Example 1, a W film 36 
was formed selectively on exposed aluminum layer 
33, and an aluminum layer 37 connected to this W 
film 36 was also formed. 

In this Example, the formation of W film 36 

10 takes place when there is no natural oxide film or 
other contaminants on the exposed surface of alu- 
minum layer 33, that is, when it is extremely clean. 
The contact resistance between aluminum layer 33 
and W film 36 is therefore so low that it can be 

75 ignored. 



Example 6 

20 A WSi2 layer 51 and a W layer 52 were formed 
successively on the surface of a sample treated by 
an H2 gas plasma as in Example 5, as shown in 
Fig. 10A. WSi2 layer 51 was formed using a mix- 
ture of WF 6 gas (10 cc/min) and Sim gas (200 

25 cc/min) with a pressure of 0.2 Torr, substrate tem- 
perature of 300 *C and . deposition rate of 500 
A/min. The thickness of this WSi2 layer 51 was 
3000 A. W layer 52 was formed using a mixture of 
WFe gas (10 cc/min) and SiH* gas (10 cc/min) with 

30 a pressure of 0.2 Torr, substrate temperature of 
300* C and deposition rate of 500 A/min. The thick- 
ness of this W layer 52 was 1 urn. 

The sample was then returned to pretreatment 
chamber 1 1 and etching was carried out over the 

35 whole surface by an SFs gas plasma such that 
WS12 layer 51 and W layer 52 were left only in 
opening 35, as shown in Fig. 10B. This process 
was carried out in pretreatment chamber 11 so as 
not to contaminate reaction chamber 21. A second 

40 aluminum interconnection layer 37 was then 
formed as in the preceding Examples, as shown in 
Fig. 10C. 

The same effect is obtained in this Example as 
in Example 5. 

45 

Claims 

1 . A method of manufacturing a semiconductor 
50 device, comprising the steps of depositing selec- 
tively an insulating layer (34) on a first conductive 
layer (33) formed on a semiconductor substrate 
(31); treating the surface of the insulating layer (34) 
and the exposed surface of the first conductive 
55 layer (33) with a gas plasma containing halogen 
atoms, and depositing selectively a conductive ma- 
terial by vapor growth on the exposed surface of 
the first conductive layer (33) so as to form a 
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second conductive layer (36). 

2. A method according to claim 1, character- 
ized in that the material of said first conductive 

. layer (33) is one selected from the group consisting 
of aluminum, molybdenum, tungsten, copper, 
titanium, molybdenum silicide, tungsten silicide, 
titanium silicide, titanium nitride, silicon, germa- 
nium, GaAs and InP. 

3. A method according to claim 1, character- 
ized in that the material of said insulating layer (34) 
is one selected from the group consisting of silicon 
dioxide, silicon nitride, and these substances dop- 
ed with impurities. 

4. A method according to claim 1, character- 
ized in that the material of said substrate (31) is 
one selected from the group consisting of silicon, 
germanium, GaAs, InP and sapphire. 

5. A method according to claim 1, character- 
ized in that the materia! of said second conductive 
layer (36) is one selected from the group consisting 
of aluminum, molybdenum, copper, tungsten, 
titanium, molybdenum silicide,, tungsten silicide, 
titanium silicide, tantalum silicide, titanium nitride 
and silicon containing impurities. 

6. A method according to claim 1, character- 
ized in that said gas containing halogen atoms is a 
mixture of a halogen source gas and an inert gas. 

7. A method according to claim 1, character- 
ized in that said halogen source gas is a gas 
containing chlorine atoms or fluorine atoms. 

8. A method according to claim 7, character- 
ized in that said gas containing halogen atoms is at 
least one selected/from the group consisting of 
Ci 2 , AsCta, AsCls. BCJt 3 , CCU, PCt 3 , PCJts, 
SF 6 , AsF 3 , AsFs, PF 3 , PF 5 , CHF 3) C 2 F 6 , C 3 F 8l CF* 
and NF 3 . 

9. A method according to claim 1 , further com- 
prising the step of treating the treated surfaces by 
a gas plasma containing hydrogen atoms. 

10. A method according to claim 6, character- 
ized in that said inert gas is at least one selected 
from the group consisting of helium, neon, nitro- 
gen, argon and krypton. 

11. A method according to claim 6, character- 
ized in that the partial pressure of halogen source 
gas in said gas containing halogen atoms is lower 
than the partial pressure of the inert gas. 

12. A method according to claim 6, character- 
ized in that the partial pressure of halogen source 
gas in said gas containing halogen atoms is 10~ s 
Torr -10" 3 Torr. 

13. A method according to claim 1, character- 
ized in that the treatment by said gas plasma 
containing halogen atoms is carried out at a pres- 
sure of 10~ 5 -1 Torr. 

14. A method according to claim 1, further 
comprising the step of forming a third conductive 
layer (37) connected to said second conductive 



layer. 

15. A method according to claim 14, character- 
ized in that the material of said third conductive 
layer (37) is one selected from the group consisting 

5 of aluminum, molybdenum, copper, tungsten, 
titanium, molybdenum silicide, tungsten silicide, 
titanium silicide, tantalum silicide, titanium nitride 
and silicon containing impurities. 

16. A method of manufacturing a semiconduc- 
70 tor device comprising the steps of: 

forming selectively an insulating layer (34) on a 
first conductive layer (33) deposited on a semicon- 
ductor substrate (31 ); 

treating the surface of the insulating layer (34) and 
rs the exposed surface of the first conductive layer 
(33) by a gas plasma containing halogen atoms; 
and 

depositing selectively a conductive material by va- 
por growth on the exposed surface of the first 

20 conductive layer (33) so as to form a second 
conductive layer (36), said gas plasma containing 
halogen atoms being formed by providing a halo- 
gen source in a treatment chamber, and passing a 
discharge through the chamber. 

25 17. A method according to claim 16, character- 
ized in that said halogen source is provided by 
introducing a halogen source gas into the treatment 
chamber, and adsorbing the gas on the inner wall 
of the chamber. 

oo 18. A method according to claim 16, character- 
ized in that said halogen source is provided by 
installing a halogen containing material in the treat- 
ment chamber. 

19. A method of manufacturing a semiconduc- 
35 tor device comprising the step of: 

forming selectively an insulating layer (34) on a 
first conductive layer (33) deposited on a semicon- 
ductor substrate (31); 

treating the surface of the insulating layer (34) and 
40 the exposed surface of the first conductive layer 
(33) by a gas plasma containing halogen atoms; 
treating the treated surfaces by a gas plasma con- 
taining hydrogen atoms; and 
depositing selectively a conductive material by va- 
45 por growth on the exposed surface of the first 
conductive layer (33) so as to form a second 
conductive layer (36), said gas plasma containing 
halogen atoms being formed by providing a halo- 
gen source in a treatment chamber, and passing a 
so discharge through the chamber. 

20. A method according to claim 19, further 
comprising also the step of treating the surface by 
an inert gas plasma prior to the step of treating by 
the gas plasma containing halogen atoms. 

55 
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^sample, and applying high frequency power. The 
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the treatment chamber to adsorb the halogen atoms 
on the inner wall of the chamber, and applying high 
frequency power. Alternatively, the gas plasma can 
be formed by applying high frequency power after 
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terial inside the chamber. By treatment with the gas 
plasma containing halogen atoms, a second conduc- 
tive layer (36) can be deposited with good selectiv- 
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